High-resolution single nucleotide polymorphism genomic microarray (SNP-chip) is a useful tool to define gene dosage levels over the whole genome, allowing precise detection of deletions and duplications/amplifications of chromosomes in cancer cells. We found that this new technology can also identify breakpoints of chromosomes involved in unbalanced translocations, leading to identification of fusion genes. Using this technique, we found that the PAX5 gene was rearranged to a variety of partner genes including ETV6, FOXP1, AUTS2, and C20orf112 in pediatric acute lymphoblastic leukemia (ALL). The 3 end of the PAX5 gene was replaced by the partner gene. The PAX5 fusion products bound to PAX5 recognition sequences as strongly as wild-type PAX5 and suppressed its transcriptional activity in a dominant-negative fashion. 
High-resolution single nucleotide polymorphism genomic microarray (SNP-chip) is a useful tool to define gene dosage levels over the whole genome, allowing precise detection of deletions and duplications/amplifications of chromosomes in cancer cells. We found that this new technology can also identify breakpoints of chromosomes involved in unbalanced translocations, leading to identification of fusion genes. Using this technique, we found that the PAX5 gene was rearranged to a variety of partner genes including ETV6, FOXP1, AUTS2, and C20orf112 in pediatric acute lymphoblastic leukemia (ALL). The 3 end of the PAX5 gene was replaced by the partner gene. The PAX5 fusion products bound to PAX5 recognition sequences as strongly as wild-type PAX5 and suppressed its transcriptional activity in a dominant-negative fashion. In human B cell leukemia cells, binding of wild-type PAX5 to a regulatory region of BLK, one of the direct downstream target genes of PAX5, was diminished by expression of the PAX5-fusion protein, leading to repression of BLK. Expression of PAX5-fusion genes in murine bone marrow cells blocked development of mature B cells. PAX5-fusion proteins may contribute to leukemogenesis by blocking differentiation of hematopoietic cells into mature B cells. SNP-chip is a powerful tool to identify fusion genes in human cancers.
chromatin immunoprecipitation ͉ dominant negative ͉ fusion gene ͉ PAX5 ͉ SNP-chip P ediatric acute lymphoblastic leukemia (ALL) is the most common malignant disease in children (1) (2) (3) . It is a genetic abnormality resulting from accumulation of mutations in tumor suppressor genes and oncogenes (1) (2) (3) . Fusion genes including ETV6/RUNX1 and E2A/PBX1 are frequently detected in pediatric ALL (1) . Deletion of the INK4A/ARF gene (9p21) is also a common abnormality in ALL (1) . However, other genetic changes remain to be elucidated in this disease.
Identification of mutated genes in ALL has evolved with improvements in technology. A very recent approach is single nucleotide polymorphism (SNP) analysis using an array based technology (4-6) that allows identification of amplifications, deletions, and allelic imbalances, such as uniparental disomy (represents doubling of the abnormal allele due to somatic recombination or duplication, and loss of the other normal allele) (7, 8) . However, SNP-chip analysis is only able to detect changes of gene dosage and is unable to identify balanced translocations, which commonly occur in ALL.
Previously, we analyzed 399 pediatric ALL cases by SNP-chip analysis and found a number of genomic abnormalities, in addition to well known common alterations (9) . This technique is sensitive enough to identify genes involved in start sites of deletions/duplications. Indeed, this method allowed us to identify that the PBX1 gene was involved in start sites of duplication of 1q23 generated by der(19)t(1;19)(q23;p13) (9) . Furthermore, correlation analysis of the individual genomic abnormalities suggested the presence of der(12)t(12;21)(p13;q22) and der(21)t(12;21)(p13;q22), as well as dic(9;20)(p13;q11) (9) .
In this study, we found that this new technology permitted us to identify genes involved in well known unbalanced translocations including ETV6/RUNX1. Further, we found previously undetected fusion genes between PAX5 and a number of other partner genes by using this technique.
Results

Genes Involved in Unbalanced Translocations
Were Identified by SNP-Chip Analysis. Because SNP-chip analysis can only detect changes of gene dosage including deletions, duplications, and amplifications (Fig. 1A) , this technique is unable to identify balanced translocations (Figs. 1 Aii) . However, when one of a pair of reciprocally translocated chromosomes is lost, SNP-chip analysis can detect this abnormality as partial deletions of involved chromosomes (Fig. 1 Aiii) . Similarly, when one of a pair of reciprocally translocated chromosomes becomes duplicated, SNP-chip can also detect this abnormality as partial duplication of the involved chromosomes (Fig. 1 Aiv) . Furthermore, high resolution SNP-chip analysis allows us to identify the genes involved in these unbalanced translocations.
To prove that SNP-chip analysis can detect unbalanced translocations and the genes involved in these translocations, we analyzed cases having extra copies of ETV6/RUNX1 fusion genes generated by der(21)t(12;21)(p13;q22) (Fig. 1B) , which were initially identified by FISH and/or RT-PCR (data not shown). SNP-chip was clearly able to identify this abnormality as duplications involving chromosome 12 and 21 (Fig. 1B) . Further, the result of high-resolution (250k) SNP-chip clearly identified ETV6 (12p13) and RUNX1 (21q22) as the target genes involved in this unbalanced translocation (Fig. 1C) .
PAX5 Gene Is Frequently Fused to Partner Genes. Our previous data showed the presence of dic(9;20)(p13;q11) in 11 cases of ALL (9), 5 of which had deletion 9p13.2-pter. These 5 cases had start sites of this deletion at 9p13.2 mapping to the PAX5 gene ( Fig.  2A and data not shown) . This prompted us to reexamine all cases of B-ALL that had deletion of 9p [supporting information (SI) Table S1 ]. We found a total of 9 cases with similar start sites (9p13.2), mapping to the PAX5 gene ( Fig. 2 A and data not shown). In 2 of these cases, simple abnormalities were detected by SNP-chip: case 514 had only del9p13.2-pter and del7q11.2-pter; case 458 had only del9p13.2-pter and dup3p13-pter (Table  S1 and Fig. 2 A) . Three cases (536, 543, 572) had complex abnormalities including del9p13.2-pter and del20q11.21-qter, all with the C20ORF112 gene within the start site of del20q (Table  S1 and Fig. 2 A) . The other 2 cases (659, 767) had complex abnormalities that included ETV6 on 12p13 (Table S1 and Fig. 2 A) .
Thus, we found four candidate partner genes fused to PAX5 in seven cases by SNP-chip analysis; ETV6 on 12p13 (two cases) (12) , C20orf112 on 20q11.1 (three cases), AUTS2 on 7q11.1 (one case) and FOXP1 on 3p13 (one case) (Fig. 2 A) . Because these translocations could lead to fusion transcripts between PAX5 and different partner genes, the presence of the predicted fusion transcript was examined by RT-PCR using the mapping information from the SNP-chip data. RT-PCR and nucleotide sequencing data of the PCR products confirmed that the PAX5 gene was fused to either the ETV6 (two cases), C20orf112 (three cases), AUTS2 (one case), or FOXP1 (one case) gene and transcribed into aberrant fusion messages ( Fig. 2 B and C) . Each fusion gene was mutually and exclusively detected in the samples studied. In one case with dic(9;20), exon 5 of PAX5 was fused to exon 8 of C20orf112, and in two cases with dic(9;20), exon 8 of PAX5 was fused to exon 3 of C20orf112. PAX5/ETV6 involved exon 4 of PAX5 and exon 3 of ETV6.
Cellular Localization and DNA Binding Affinity of PAX5 Fusion Products. In the PAX5/FOXP1 fusion transcript, the amino acid coding frame of the FOXP1 gene was not identical to that of PAX5, leading to a frame-shift and an early termination codon after the fusion point of these two genes (Fig. 2D) . However, all other fusion genes were in frame and were predicted to encode chimeric proteins. Two proteins (a short and long form) with different breakpoints were predicted from the PAX5/C20orf112 fusion genes (Fig. 2D) .
To confirm cellular localization of PAX5-fusion proteins, we transfected vectors encoding wild-type PAX5 and PAX5 fusion genes (PAX5-ETV6, PAX5-FOXP1, PAX5-C20ORF112S, and PAX5-C20ORF112L) into 293T cells, fractionated the cytoplasmic and nuclear proteins, and examined the wild-type PAX5 and PAX5-fusion proteins by Western blot analysis (Fig. 2E ). PAX5-ETV6 protein was detected in both the cytoplasm and nucleus; PAX5-FOXP1 and PAX5-C20ORF112L proteins were predom- inantly localized in the nucleus; and 20% and 80% of PAX5-C20ORF112S proteins were localized in the cytoplasm and the nucleus, respectively (Fig. 2E) . Localization of the fusion proteins was also confirmed by immunohistochemical staining (data not shown). Because PAX5-fusion proteins were localized in the nucleus, we analyzed DNA binding affinity of these PAX5-fusion proteins in vitro. DNA binding affinity of the PAX5 wild-type and fusion proteins expressed in 293T cells was analyzed by electrophoretic mobility shift assay (EMSA), and signals of probes bound to the proteins were plotted graphically (Fig. 3A) . Binding activity of each protein in the absence of cold competitor oligonucleotide probe was regarded as 1.0, and the binding activity in the presence of cold competitor oligonucleotide probes was measured. All PAX5-fusion proteins showed similar binding activity to the PAX5 recognition sequences as the wild-type PAX5 (Fig. 3A) . To examine the effect of PAX5-fusion proteins on transcriptional activity of wild-type PAX5, we performed a reporter gene assay using 293T cells. Cotransfection reporter gene assays using wild-type and fusion PAX5 expression vectors along with a reporter gene driven by the murine CD19 promoter (which contains three repeats of PAX5 binding sequences) showed that the PAX5 fusion products suppressed transcriptional activity of PAX5 in a dominant-negative fashion (Fig. 3B) . Expression of wild-type PAX5 proteins was minimally affected by coexpression of PAX5-fusion proteins (Fig. 3C ), suggesting that PAX5-fusion proteins competed with wild-type PAX5 for the PAX5 binding sequences on the reporter gene.
Further, we transfected vectors encoding either PAX5-C20orf112S or PAX5-C20orf112L, each coexpressing the GFP marker, into Nalm 6 cells (a human B cell ALL cell line, which expresses endogenous PAX5) (data not shown). After transfection, GFP-positive cells were sorted by FACS and expression of PAX5-downstream genes was examined by semiquantitative RT-PCR (Fig. 3D and data not shown). We examined 10 downstream target genes (seven positively regulated direct target genes and three negatively regulated genes) of PAX5 (10) (11) (12) and found that four, including ATP1B1, BLK, NEDD5 and TCF7L2, were down-regulated by induction of either PAX5-C20orf112S or PAX5-C20orf112L protein. However, expression of other reported PAX5 downstream target genes, including three positively regulated direct target genes (IRF8, BST1, CD19) and three negatively regulated genes (CCR2, CCR5, NOTCH1) were not affected by the induction of expression of the fusion proteins in these cells.
To examine the effect of PAX5 fusion protein on binding of wild-type PAX5 to the direct target gene BLK in the leukemic cells, we performed chromatin-immunoprecipitation (ChIP) assay using Nalm 6 cells transfected with either an empty vector or a construct encoding PAX5-C20orf112S. We used a PAX5 antibody detecting the C-terminal region of the protein, which could detect wild-type PAX5, but not PAX5-C20orf112S, as the C-terminal end of PAX5 was replaced by C20orf112S in this fusion protein. Although wild-type specific PAX5 antibody precipitated the promoter region of BLK after transfection of the empty vector, the amount of DNA of the BLK promoter region bound to wild-type PAX5 was reduced after transfection of the PAX5-C20orf112S gene (Fig. 3 E and F) .
To examine the effect of PAX5-fusion proteins on B cell development in murine hematopoietic cells, we infected murine hematopoietic cells from the bone marrow with retroviral vectors encoding either PAX5-C20orf112S or PAX5-C20orf112L. GFP-positive infected bone marrow cells were sorted by FACS and plated in media containing cytokines that are know to stimulate B cell differentiation (Fig. 3F) . Murine hematopoietic cells infected with the empty vector showed abundant colonies (Fig. 3G Left) , and 79% of the cells were B220 positive B cells (Fig. 3G Upper Right) . In contrast, murine hematopoietic cells infected with either PAX5-C20orf112S or PAX5-C20orf112L formed very few colonies (Fig. 3G Left) . Most of these colonies were GFP-negative (data not shown), suggesting that these PAX5-fusion proteins impaired B cell development from murine hematopoietic cells.
Discussion
In this study, we describe a paradigm for discovering fusion genes in malignancy by taking advantage of samples with unbalanced translocations and using high density SNP-chip analysis. This technique allows us to identify genes involved in translocations even if chromosomal analysis is not available, especially in solid tumors.
Steps to identify novel fusion genes using SNP chip analysis include (i) identify either a deletion or duplication that occurs within two genes; (ii) determine whether transcription of both genes is in the same direction; (iii) take advantage of ancillary tests such as standard chromosomal analysis or spectral karyotyping (14) , which can grossly show that two chromosomes are fused; and (iv) design primers of candidate genes and perform RT-PCR to clone fusion genes. Rapid amplication of cDNA ends (RACE) (15) or long-distance PCR (12) also help the cloning of genes involved in translocations. In our SNP-chip data, a number of regions of segmental deletions or duplications were detected (9) . Although some of them are simple deletions or duplications at the original sites of the chromosomes, the others are deletions that occurred during chromosomal translocations or when duplicated fragments were inserted into chromosomal sites other than the original region (data not shown). Therefore, data of chromosomal analysis help to define translocations, leading to identification of candidate genes in novel fusion genes.
Recently, Tomlins et al. found the fusion genes TMPRSS2/ ERG and TMPRSS2/ETV1 in prostate cancers by using expression microarray data (16). They focused on the genes ERG and ETV1, which are highly expressed in this cancer and examined levels of individual exons of these two genes (16) . They found differences in expression of 5Ј and 3Ј regions of the genes, suggesting that these genes are fused to each other (16) . In these fusion genes, the 5Ј regions were replaced by the TMPRSS2 gene, resulting in the differences in the expression of the 5Ј and 3Ј region of the ERG/ETV1 genes (16). They also used SNP-chip analysis to identify these fusion genes and found a deletion of a genomic region between TMPRSS2 (21q22.3) and ERG (21q22.2), leading to fusion of these two genes (17) . These new technologies, based on oligonucleotide microarrays and bioinformatics, will help to identify fusion genes in cancers.
Our study found that the PAX5 gene was frequently fused to one of a variety of partner genes. PAX5 is a key transcription factor in the development of B cells (18, 19) . We found that these PAX5 fusion proteins suppressed the function of wild-type PAX5 in a dominant-negative fashion and suppressed expression of downstream target genes of wild-type PAX5 in leukemic cells.
We found that when PAX5 was joined to one of its fusion partner genes, its C-terminal end was replaced by one of the partner genes. Elimination of the C-terminal end of PAX5 may play an important role in generation of a dominant negative form of mutated PAX5. In in vitro assays, PAX5-fusion proteins showed a similar affinity as wild-type PAX5 for the PAX5 recognition sequences. Although expression of several downstream targets of wild-type PAX5 was repressed by expression of PAX5-fusion proteins, others were not affected. Binding of transcription factors to DNA can be modulated by cofactors and/or neighboring transcription factors (20) . Compared to PAX5, PAX5-fusion proteins may bind more strongly to some target genes and more weakly to others, depending on the contextual environment of the target genes.
Further, our data showed that PAX5-fusion protein inhibited B cell development of hematopoietic cells in a colony formation assay. This result may suggest that PAX5 fusion protein blocked differentiation of hematopoietic cells into mature B cells. PAX5-deficient mice have impairment of B cell differentiation (18) . These data suggest that PAX5-fusion proteins may contribute to leukomegenesis by blocking B cell differentiation. It has been suggested that two distinct genetic abnormalities contribute to leukemogenesis in acute myelogenous leukemia (AML); one is mutations promoting cellular proliferation, for example FLT3 or RAS mutations, and the other is mutations blocking differentiation, for example PML-RARA or RUNX1-ETO (21, 22) . PAX5-fusion proteins may cooperate with unidentified mutations promoting cellular proliferation in the ALL cells.
Recently, Mullighan et al. have analyzed pediatric ALL samples by high density SNP-chips and found frequent abnormalities of PAX5 gene (23) . Their data also showed that PAX5 fusion products suppressed transcriptional activity of PAX5 in a dominant-negative fashion (23) . In addition, other researcher have reported PAX5 fusion genes, including PAX5 fused to ETV6 (12p13) (23, 24) , FOXP1 (3p14) (23) , ZNF521 (18q11) (23) , ELN (7q11.23) (25) , and PML (15q24) (26) . We have found PAX5 fused to either ETV6, FOXP1, C20orf112 (20q11), or AUTS2 (7q11.22).
In our study, the function of PAX5 was attenuated by the dominant-negative forms of the fusion products in B cell lineage ALL, suggesting that PAX5 behaves as a tumor suppressor in early B cells, and that impairment of its function can be associated with the development of ALL. In contrast, translocation of the PAX5 gene to the enhancer region of the Ig heavy chain gene [t(9;14)(p13.2;q32)] or point mutations of the 5Ј regulatory region of the PAX5 gene leads to its overexpression, which is associated with B cell lineage lymphomas (27) (28) (29) . Also, experimental overexpression of wild-type PAX5 can transform lymphocytes (30, 31) . Therefore, an aberrant PAX5 may behave in a dominant-negative fashion at the pre-B stage of B cell development, resulting in ALL; its forced expression in a more mature B cell can lead to lymphoma. Our study showed that PAX5-fusion proteins blocked differentiation of B cells but did not transform them. B cells at different stages of differentiation may need alteration of distinct sets of pathways to transform. Why PAX5 can act as a tumor suppressor in ALL and as an oncoprotein in lymphoma is unclear. Further studies are needed to clarify the mechanism of this paradoxical phenomenon in carcinogenesis.
In summary, we identified multiple fusion genes in ALL by SNP-chip analysis, leading to the exploration of a B cell differentiation block as a contributing factor to the development of ALL. This methodology should help researchers to identify oncogenic fusion genes and explore the mechanism of tumorigenesis in other types of cancers as well.
Materials and Methods
Samples and DNA/RNA Preparation. SNP-chip was performed on 399 pediatric ALL patients consecutively enrolled in the ALL-BFM 2000 trial of the BerlinFrankfurt-Mü nster (BFM) study at diagnosis and during remission (350 cases were B cell lineage ALL and 49 cases were T cell lineage ALL) (9) . Detailed results of the SNP-chip analysis are published separately (9) . The ALL-BFM 2000 study was approved by the local ethics committee. DNA and RNA were extracted from the ALL samples and cell lines by using standard techniques (32) . Nalm 6, a human pre-B ALL cell line, was generously provided by Dr. G. Crook (Los Angeles Children's Hospital, Los Angeles, CA) and maintained in RPMI medium 1640 with 10% FBS.
SNP-Chip Analysis. SNP-chip of GeneChip Human mapping 50k array XbaI 240 and/or 250k Nsp were used for this study (Affymetrix Japan). Preparation of samples was reported previously (4, 5) . The data were analyzed by CNAG program as previously described (4, 5) . All 399 ALL samples and their matched control samples were analyzed by using 50K-SNP chip; selected cases with genomic abnormalities were also analyzed by using 250K SNP-chip.
RT-PCR.
RT-PCR was performed by using ThermoScript RT-PCR Systems (Invitrogen) according to the manufacturer's protocol. The primers used for detection of PAX5 fusion transcripts are listed in Table S2 . Expression of PAX5 downstream target genes in Nalm 6 cells after transfection was examined by semiquantitative RT-PCR. The gene names and their primer sequences are listed in Table S3 .
Reporter Gene Constructs and Expression Vectors. The PAX5 reporter gene construct with the luciferase gene and PAX5 binding region of the CD19 promoter, as well as the human PAX5 cDNA constructs, were kindly provided by Dr. M. Busslinger (Research Institute of Molecular Pathology, Vienna, Austria). PAX5-fusion constructs were generated by using PCR. All coding regions were ligated into the pcDNA3.1 vectors (Stratagene). Wild-type PAX5 cDNA was ligated into pMSCV vector (Clontech), and EGFP cDNA was ligated under the control of pGK promoter as a marker (pMSCV-GFP-wtPAX5). PAX5-C20orf112S and PAX5-C20orf112L cDNA sequences were also ligated into pMSCV-GFP vectors.
Transfection and Reporter Gene Assay. For reporter gene assays, pMSCV-GFPwtPAX5 and pcDNA vectors encoding PAX5-fusion genes were cotransfected with the PAX5 reporter construct and pRL (Renilla luciferase) vector into 293T cells by using the Effecten transfection kit (Qiagen). Firefly and Renilla luciferase activities were measured with the Dual-Luciferase Reporter Assay System (Promega). Transfection into Nalm6 human pre-B cell ALL cell line was performed with Amaxa nucleofector. GFP-positive cells were sorted by using the MoFlo cell sorter (Dako). Detailed information about the procedure is described in SI Text.
Retrovirus Transduction into Murine Hematopietic Cells.
Retrovirus containing pMSCV-GFP (empty), pMSCV-GFP-PAX5-C20orf112S, and pMSCV-GFP-PAX5-C20orf112L was generated. The retrovirus was transfected into murine bone marrow cells as previously reported (33) . After the transfection, GFP-positive cells were sorted and plated into methylcellulose cultures (M3231; Stem Cell Technologies) as previously described (33) . Surface antigens (CD43, B220, c-kit, and CD11b) of these GFP-positive cells were examined by using FACScan (BectonDickinson). Detailed information of the procedure is described in the SI Text. Subcellular Fractionation of Proteins and EMSA. Forty-eight hours after transfection of vectors into 293T cells, the cells were subjected to subcellular fractionation with the CelLytic NuCLEAR Extraction Kit (Sigma-Aldrich). Detailed information of the procedure is described in the SI Text.
Purified nuclear proteins from the cells were also subjected to EMSA as previously reported (34) . Detailed information of the procedure is described in the SI Text.
Chromatin Immunoprecipitation (ChIP) Assay. ChIP assay was performed with the Magna ChIP A kit from Millipore according to the manufacturer's protocol. pMSCV-GFP or pMSCV-GFP-C20orf112S were transfected into Nalm 6 cells as described above, and GFP-positive cells were sorted by MoFlo (Dako). Precipitated DNA was recovered and subjected to PCR to amplify the BLK promoter region and the 3Ј end of the BLK gene (internal control). The primer sequences used for ChIP assay are listed in Table S4 . Detailed information of the procedure is described in the SI Text. Rearrangements of PAX5 and the partner genes were identified by high-resoltuion SNP-chip analysis, and the presence of the fusion genes involving PAX5 and each partner gene was confirmed by RT-PCR and nucleotide sequencing (see Fig. 2 ). -TTC ATC TGG AAC TCA GAG AA-3Ј  ATP1B1 antisense: 5Ј-GGA ATC TGT GTT AAT CCT GG-3Ј  TCF7L2 sense: 5Ј-TAG GCG CCA ACG ACG AAC TG-3Ј  TCF7L2 antisense: 5Ј-TCT CGG AAA CTT TCG GAG CGA-3Ј  NEDD9 sense: 5Ј-TAT GGC AAG GGC CTT ATA TG-3Ј  NEDD9 antisense: 5Ј-ATG GGA CCA ATC AGA AGC TTC A-3Ј  BLK sense: 5Ј-GGA CAA TTC GGC GAA GTC TGG-3Ј  BLK antisense: 5Ј-TGA CAA TCT GCT CCC TTC ATC-3Ј BST1 sense: 5Ј-GTG GCG CGC GGA GGG CAC CA-3Ј BST1 antisense: 5Ј-TTA ATA AAA AGG TCA TAG TCT GA-3Ј IRF8 sense: 5Ј-GTG GCT GAT CGA GCA GAT TG -3Ј IRF8 antisense: 5Ј-TCT TCC AAG TGG CTG GTT CAG C -3Ј CD19 sense: 5Ј-GCT GCT GAG GAC TGG TGG CT-3Ј CD19 antisense: 5Ј-CAG CAC GTT CCC GTA CTG GT-3Ј CCR5 sense: 5Ј-GCC AGA AGA GCT GAG ACA TCC G -3Ј* CCR5 antisense: 5Ј-GAT GAG GAA GAC CAT CAT GTT -3Ј* CCR2 sense: 5Ј-TGG GGA AGT CGA TGC TGG TGC -3Ј* CCR2 antisense: 5Ј-CGG CTT GCG GGC CTG CTG AA -3Ј* NOTCH1 sense: 5Ј-ACA TCA ACA ACA ATG AGT GTG AAT-3Ј* NOTCH1 antisense: 5Ј-CAG CAG GCA GTT GCA CTT GTA-3Ј* Internal control b-actin sense: 5Ј-GGA CTT CGA GCA AGA GAT GG-3Ј b-actin antisense: 5Ј-CCG CCA GAC AGC ACT GTG TT-3Ј *Genes negatively regulated by PAX5. -GGA ACC AGC TGA CCA GTG GCT -3Ј  BLK-P antisense: 5Ј-TGG AAA TTT GCT TGG CTA TG -3Ј  BLK-C sense: 5Ј-CCC TCC TGT AGG AAT GAG CAA-3Ј  BLK-C antisense: 5Ј-CAA CAC CGA CTG CAG GAA CTC-3Ј 
